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Objectives. This study examined the impact of early hospital
discharge on short-term clinical outcomes of elderly patients
treated with coronary artery bypass graft surgery (CABG) in the
United States in 1992.
Background. Protocols that encourage earlier discharge of
patients who have had CABG have been implemented across the
country. Although delivery of efficient care benefits both patients
and providers, premature discharge can adversely affect clinical
outcomes, resulting in increased hospital readmissions and
higher long-term costs.
Methods. We examined the prevalence of early discharge (post-
operative length of stay <25 days) among 83,347 non–health
maintenance organization (HMO) Medicare patients who under-
went CABG in the United States in 1992. Using logistic regression
models, we identified patient characteristics associated with early
discharge and obtained risk-adjusted rates of death and readmis-
sion or death for postoperative lengths of stay between 4 and 14
days.
Results. In 1992, 6% of Medicare patients undergoing CABG
were discharged within 5 days of the operation. The prevalence of
early discharge varied considerably among states, ranging from
1% to 21%. Patients discharged early tended to be younger and
male and have fewer comorbid illnesses. Risk-adjusted rates of
death and death or cardiovascular readmission were lowest
among patients discharged early.
Conclusions. As of 1992, early discharge of elderly patients
treated with CABG in non-HMO settings was not associated with
higher 60-day rates of death or readmission. This suggests that
physicians were able to identify low risk candidates for early
discharge. Variation across the nation in early discharge rates,
along with the percentage of patients without major risk factors
for adverse outcomes, suggests that higher rates of early discharge
might be safely achieved.
(J Am Coll Cardiol 1997;30:908–13)
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Health care financing has evolved from fee-for-service to
case-based payment and more recently to capitated contracts.
Current payment methods force health care providers to
accept more of the financial risk associated with treating
patients. In response, hospital administrators and physicians
have initiated various cost reduction strategies, including those
designed to decrease hospital length of stay. Between 1982 and
1992 the average length of stay of Medicare patients in acute
care hospitals declined 18% (1).
Early discharge policies for patients who have had coronary
artery bypass graft surgery (CABG) have been implemented in
many hospitals across the United States (2–7). If hospital stays
are reduced by improving the efficiency of care, both patients
and providers benefit. However, if patients are discharged
prematurely, clinical outcomes may be adversely affected,
resulting in increased readmissions and higher costs over the
long term (8–10). In this study, we examined the impact of
early discharge on short-term clinical outcomes of elderly
patients who underwent CABG in the United States in 1992.
We selected two outcomes, death and a combined end point of
cardiovascular readmission or death within 60 days of dis-
charge, as indicators of overall quality of care.
Methods
Patients. This study included Medicare patients .64 years
old who underwent isolated CABG between January 1, 1992
and October 31, 1992, and were discharged to their home
within 14 days of the operation. The bypass episode was
defined as the bypass admission plus any transfers to acute care
facilities. Patients with postoperative stays .14 days were
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considered to have especially complicated postoperative
courses and were not included in the analysis. In addition,
patients discharged to nonacute health care facilities were
excluded because they were not likely to have been candidates
for early discharge. Finally, we excluded members of health
maintenance organizations (HMOs) because their follow-up
hospital data were incomplete.
Data sources. The primary data source for this analysis was
the 1992 National Claims History File. For each Medicare
discharge, the file contains demographic data, up to 10 Inter-
national Classification of Diseases, 9th revision, Clinical Mod-
ification (ICD-9-CM) diagnostic codes and up to six ICD-
9-CM procedure codes. The vital status of patients up to 60
days after discharge was obtained from the Medicare enroll-
ment data base.
Outcomes assessed. The primary outcome in this study was
death within 60 days of discharge after the bypass episode. In
an effort to capture poor clinical outcomes that did not result
in death, we also examined cardiovascular readmission rates
within 60 days of discharge. Because readmission is conditional
on survival, we defined the secondary outcome as a combined
end point of cardiovascular readmission or death within 60
days of discharge. Hospital admissions were classified as
cardiovascular if the diagnosis-related group (DRG) was re-
lated to heart disease (DRGs 104–108, 110–112, 115–118,
120–129, 130–133, 138–145, 418, 452, 453 and 483). We also
conducted a supplemental analysis that included all readmis-
sions, regardless of DRG.
Statistical analysis. The distribution of postoperative
length of stay (PLOS) and the national prevalence of early
discharge (PLOS #5 days) were examined using descriptive
analyses. We then used logistic regression analysis to identify
patient characteristics associated with early discharge. Finally,
we used logistic regression analysis to model adverse outcomes
within 60 days of discharge after the bypass episode across the
spectrum of PLOS’s, after adjusting for the patients’ demo-
graphic and clinical characteristics.
The logistic model examining early discharge included
explanatory variables that represented demographic character-
istics (age, gender, race) and illness severity (acute myocardial
infarction [MI], comorbid diseases). Age was specified in the
model as a five-level variable to allow for nonlinearity in its
relation with early discharge. Acute MI was defined as the
presence of a principal diagnosis of acute MI (ICD-9-CM 410)
or a principal diagnosis of a complication of acute MI with
acute MI as a secondary diagnosis. If the episode of care
included more than one hospital admission, diagnoses for the
final admission had to include acute MI for the patient to be in
this category. Comorbid diseases included chronic pulmonary
disease, peripheral vascular disease, diabetes mellitus, cerebro-
vascular disease, congestive heart failure and cancer, as de-
fined previously using ICD-9-CM codes (11). The large sample
allowed us to control for these diseases individually, rather
than combine them in a weighted index. Diseases with a
prevalence ,1% in our sample were not considered in the
model.
The logistic models of adverse outcomes included demo-
graphic characteristics, descriptors of illness severity and
PLOS. Demographic and clinical characteristics were specified
as in the early discharge model described earlier. Postoperative
length of stay was specified as a multilevel variable, with a level
for each length of stay. This specification, which was feasible
with the large sample size, was selected to allow maximal
flexibility in determining the relation between PLOS and
adverse outcomes.
Results
Study group. A total of 101,812 elderly patients underwent
isolated CABG in non-HMO settings between January and
October of 1992, 97,432 (95.6%) of whom were discharged
alive. Of these, 93,777 (96%) were discharged home. Eleven
percent of patients discharged home had postoperative stays
.14 days and were excluded from the analysis, leaving a final
sample of 83,347 patients. Patients were predominantly white
(94%) and male (68%), with an average age of 72 years.
Thirteen percent of patients were admitted to the hospital for
an acute MI. The most common comorbid illness was diabetes
(21%), followed by congestive heart failure (16%), cerebrovas-
cular disease (7%), peripheral vascular disease (6%) and
chronic pulmonary disease (4%). Fifty-five percent of patients
had no comorbid diseases coded.
Rates of death and readmission. One percent of patients
(n 5 710) died within 60 days of discharge home. Eighteen
percent (n 5 128) of these deaths occurred within 1 week of
discharge. Of those surviving, 18% (n 5 15,063) were readmit-
ted to an acute care facility within 60 days of discharge.
Fifty-one percent (7,682) of readmissions had a DRG related
to cardiovascular disease. Another 13% (n 5 1,958) of read-
missions had a DRG related to respiratory disease, and 3%
(n 5 452) had a DRG for cerebrovascular disease.
Early discharge. The mean (6SD) PLOS was 8 6 2 days,
and almost 60% of patients were discharged between 6 and 8
days after the operation (Fig. 1). Six percent of patients (n 5
5,296) were discharged early (i.e., within 5 days of the opera-
tion). Logistic regression analysis revealed that patients dis-
charged early tended to be younger, male, have fewer comor-
bid illnesses and not admitted to the hospital for an acute
MI (Table 1). In contrast to other comorbid illnesses in the
model, cancer was associated with early discharge. At the state
level, mean PLOS ranged from 7 to 9 days. The percentage of
Abbreviations and Acronyms
CABG 5 coronary artery bypass graft surgery
DRG 5 diagnosis-related group
HMO 5 health maintenance organization
ICD-9-CM 5 International Classification of Diseases, 9th revision,
Clinical Modification
MI 5 myocardial infarction
PLOS 5 postoperative length of stay
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patients discharged within 5 days of the operation varied
widely among states, from ,1% to 21% (Table 2).
Characteristics associated with outcomes. In logistic re-
gression analysis, patient characteristics associated with in-
creased probability of death within 60 days of discharge were
age, diabetes, congestive heart failure, peripheral vascular
disease and cerebrovascular disease (Table 3). With the excep-
tion of cerebrovascular disease, these factors also were posi-
tively related to the combined end point—cardiovascular
readmission or death within 60 days of discharge. In addition,
cardiovascular readmission or death was positively associated
with female gender and chronic pulmonary disease. Hospital
admission for acute MI was not related to either the postdis-
charge death rate or cardiovascular readmission or death rate
of patients surviving the index hospital stay.
Postoperative length of stay and outcomes. After adjusting
for patient characteristics, 60-day death and cardiovascular
readmission or death rates increased with PLOS. The odds
ratios for each PLOS, along with 95% confidence intervals, are
presented in Figure 2 (death) and Figure 3 (cardiovascular
readmission or death). The reference value in each figure is the
mean of 8 days. Patients with shorter than average postoper-
ative stays had lower odds of experiencing an adverse outcome
relative to patients with average postoperative stays. Patients
staying in the hospital longer than average after the operation
had higher odds of an adverse outcome.
Figure 1. Distribution of postoperative length of stay.
Table 1. Logistic Regression Results for Early Discharge Model
Dependent Variable: Early
Discharge (PLOS #5 days)
OR p Value
Age (yr)* ,0.001
70–74 0.70
75–79 0.46
80–84 0.34
$85 0.37
Female gender† 0.55 ,0.001
Race‡ ,0.001
Black 0.71
Other 1.10
Acute MI 0.81 ,0.001
Diabetes without sequelae 0.89 0.002
Diabetes with sequelae 0.49 ,0.001
Congestive heart failure 0.54 ,0.001
Peripheral vascular disease 0.97 0.61
Cerebrovascular disease 0.65 ,0.001
Chronic pulmonary disease 0.67 ,0.001
Cancer 1.30 0.003
Model performance (C statistic) 0.65
Reference variables: *age 65 to 69 years; †male gender; ‡white race. MI 5
myocardial infarction; OR 5 odds ratio; PLOS 5 postoperative length of stay.
Table 2. Percentage of Patients Discharged Within 5 Days of
Coronary Artery Bypass Graft Surgery by State*
State Patients With PLOS #5 Days (%)
New Jersey 0.6
Delaware 0.7
West Virginia 0.9
Kentucky 1.0
Kansas 1.8
Tennessee 1.8
Vermont 1.9
Iowa 1.9
Mississippi 1.9
Washington, D.C. 2.2
New York 2.3
Connecticut 2.4
Louisiana 2.4
Pennsylvania 2.7
Missouri 2.8
North Dakota 3.2
Minnesota 3.3
Nevada 3.6
Maryland 3.6
South Carolina 4.3
Alabama 4.4
Texas 4.5
Illinois 4.6
Oklahoma 4.7
Arizona 4.7
Florida 5.1
Wisconsin 5.5
Ohio 5.7
Montana 6.8
Indiana 6.9
Idaho 7.4
New Mexico 7.5
Hawaii 7.5
South Dakota 8.4
North Carolina 8.6
Massachusetts 8.6
Maine 8.7
Colorado 8.8
Michigan 9.0
Oregon 9.8
Utah 10.3
Virginia 11.6
Georgia 12.8
California 13.6
New Hampshire 17.2
Nebraska 18.9
Washington 21.4
*Wyoming and Alaska omitted because of small sample sizes (n , 100).
PLOS 5 postoperative length of stay.
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The risk-adjusted rates of adverse outcomes within 60 days
of discharge are shown in Figure 4 for PLOS’s between 4 and
14 days, along with 95% confidence limits. The curves shown
are for a prototypical patient (male patient between 70 and 74
years of age with no comorbid illness). Rates of adverse
outcomes tended to increase with PLOS. Adjusted cardiovas-
cular readmission or death rates ranged from 5% to 12%
across the spectrum of length of stay. Adjusted death rates
increased from 0.2% to 1%. When both cardiovascular and
noncardiovascular readmissions were included in the com-
bined end point, the positive relation between readmission or
death and PLOS persisted, ranging from 11% to 25% for
PLOS’s between 4 and 14 days.
Because risk adjustment using claims data is imperfect and
the sample includes patients with a variety of risk factors, we
also examined the unadjusted rates of death and cardiovascu-
lar readmission or death for a group of low risk patients,
specifically those ,75 years of age with no comorbid illness.
The relation between adverse outcome rates and PLOS found
using the risk-adjusted model was maintained in this low risk
subset, with patients selected for early discharge having the
lowest rates of death and readmission or death (Fig. 5).
Discussion
Length of stay after CABG has declined significantly in
recent years. Shorter postoperative stays have been achieved
through advances in anesthetic and surgical techniques, as well
as through improvements in the efficiency of care (6,7,12).
However, there is concern that recent efforts to reduce PLOS
after CABG may compromise quality of care, particularly for
Table 3. Logistic Regression Results for Death and Cardiovascular
Readmission or Death Models
Dependent Variable
Cardiovascular
Readmission or
Death Death
OR p Value OR p Value
Age (yr)* ,0.001 ,0.001
70–74 1.10 1.09
75–79 1.19 1.43
80–84 1.23 1.82
$85 1.15 1.31
Female gender† 1.25 ,0.001 1.01 0.91
Race‡ 0.61 0.61
Black 1.02 1.13
Other 0.95 0.82
Acute MI 0.99 0.81 1.03 0.78
Diabetes without sequelae 1.16 ,0.001 1.33 0.002
Diabetes with sequelae 1.41 ,0.001 1.61 0.05
Congestive heart failure 1.52 ,0.001 2.10 ,0.001
Peripheral vascular disease 1.65 ,0.001 1.82 ,0.001
Cerebrovascular disease 1.02 0.74 1.43 0.003
Chronic pulmonary disease 1.16 0.01 1.30 0.18
Cancer 1.06 0.36 1.08 0.69
PLOS§ ,0.001 ,0.001
Model performance (C statistic) 0.61 0.68
Reference variables: *age 65 to 69 years old; †male gender; ‡white race.
§Odds ratios for each postoperative length of stay (PLOS) are presented in
Figure 2 (death outcome) and Figure 3 (readmission or death outcome);
reference value is 8 days. Other abbreviations as in Table 1.
Figure 2. Postoperative length of stay odds ratios for death, obtained
from logistic regression model. CI 5 confidence interval.
Figure 3. Postoperative length of stay odds ratios for cardiovascular
readmission or death, obtained from logistic regression model. CI 5
confidence interval.
Figure 4. Risk-adjusted rates of death and cardiovascular readmission
or death by postoperative length of stay. Curve shown is for a male
patient between 70 and 74 years of age with no comorbid illness. CI 5
confidence interval.
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elderly patients. This national study provides evidence that, as
of 1992, the shorter stays of selected elderly patients treated
with CABG in non-HMO settings had not come at the expense
of worse patient outcomes. Neither death nor cardiovascular
readmission within 60 days of the operation was greater for
patients discharged early compared with those with longer
hospital stays.
Characteristics associated with early discharge. The prev-
alence of early discharge among elderly patients treated with
CABG was fairly low in 1992, averaging 6% nationally. How-
ever, there was considerable variation across the country, with
some areas approaching 20%. Patients more likely to be
discharged early were younger, had no comorbid conditions
and were less likely to have been admitted to the hospital with
an acute MI. The association between cancer and early dis-
charge was unexpected and suggests that patients with cancer
who undergo CABG may be a select group of survivors.
Alternatively, given the low prevalence of disease (3.9%), the
finding may be one of chance. Patients without major risk
factors for death and readmission were more likely to be
discharged early. However, the proportion of patients without
major risk factors for death and readmission far exceeded the
national prevalence of early discharge in 1992. For example,
23% of patients were ,70 years of age and had no comorbid
disease, and another 21% were between 70 and 74 years of age
with no comorbid disease.
Association between PLOS and outcomes. We found that
patients with shorter PLOS’s had lower rates of readmission
and death within 60 days of discharge than patients with longer
stays. This relation may arise from several sources. First,
patients discharged early may have been less sick before the
operation than those with longer postoperative stays. Although
we adjusted for baseline risk factors to the extent possible, it is
not possible to account fully for illness severity using claims
data (13). We examined rates of readmission and death for the
lowest risk subset of patients (younger patients with no comor-
bid illness) and found similar results to the adjusted analysis.
Second, patients with more complicated postoperative courses
have extended hospital stays and are more likely to have
problems after discharge. Finally, complications caused by
poor quality of care may result in longer lengths of stay and
worse clinical outcomes.
Our results support the hypothesis that physicians are able
to accurately identify low risk candidates for early discharge.
Nevertheless, we cannot rule out the possibility that outcomes
were affected somewhat by early discharge practices. For
example, it is conceivable that the observed rates of adverse
outcomes would have been even lower if patients discharged
early had stayed in the hospital longer. On the other hand, the
adjusted mortality rate at 60 days among patients discharged
early was only 0.2%, and it is very unlikely that this mortality
rate would be significantly reduced by lengthening postopera-
tive stays.
Previous research. Our findings are consistent with recent
single-site studies of protocols designed to facilitate the early
discharge of bypass patients (6,10). Patients treated after the
adoption of such protocols, which streamlined care and en-
couraged early extubation, did not have higher rates of read-
mission or death than those patients treated before the proto-
col. Early discharge rates among protocol patients ranged from
41% to 47%.
Study limitations. Several limitations of this study should
be noted. 1) The study was restricted to patients at least 65
years of age, and the results may not be generalizable to
younger patients. However, because elderly patients are at
higher risk for adverse outcomes, one would expect any
adverse effects associated with early discharge to be more
easily detectable in this population. 2) Early discharge policies
have become more aggressive since 1992, and the proportion
of bypass patients discharged within 5 days of the operation has
increased dramatically. Although recent studies at hospitals
with higher early discharge rates among patients of all ages
have found no association between early discharge and short-
term mortality or morbidity (6,9,10), larger studies that include
more hospitals are needed. 3) An examination of outpatient,
rehabilitation and nursing home costs and quality of life after
CABG was beyond the scope of this study. Patients discharged
early may require more ancillary care and consume health care
resources outside the acute care setting. Although postopera-
tive care in nonacute care settings may be more beneficial for
patients and less expensive overall, the financial burden to the
family may be greater. In addition, it is possible that patients
discharged early experience more difficult recoveries that
require more outpatient care, but do not result in hospital
admission or death. A more comprehensive study of early
discharge that examines morbidity and quality of life would be
helpful in resolving these issues.
Conclusions. This national study suggests that, in 1992,
physicians in non-HMO settings were able to target success-
fully low risk elderly patients for early discharge after CABG.
Furthermore, variations in the rate of early discharge among
states, along with the percentage of patients without major risk
factors for death or rehospitalization, suggest that substantially
higher rates of early discharge than those seen in 1992 might be
safely achieved. Whether medical practice has achieved or
Figure 5. Unadjusted rates of death and cardiovascular readmission or
death by postoperative length of stay. Rates shown are for patients
,75 years of age with no comorbid illness.
912 COWPER ET AL. JACC Vol. 30, No. 4
EARLY DISCHARGE AFTER CABG October 1997:908–13
exceeded these maximal safe levels will be critical to evaluate
as more recent national data become available.
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